Abstract.-The recognition phase of homograft immunity can be studied in vitro in the mixed leukocyte culture reaction. In this reaction, at the end of seven days, up to 30 per cent of the lymphocytes in culture "respond" to a single allogeneic cell stimulus. This paper presents evidence that the lymphocytes responding in culture divide with the generation time of 18-21 hours, with some asynchrony, and that a large percentage of the cells found at the end of the culture period may be the products by division of a small number of cells initially responding. Two estimates are made of the frequency of the initially responding unit (the cell(s) responsible for initiating the response). These are probably minimum estimates and are in the range of 1 in 200 to 1 in 2000 cells which can initially respond. This very high frequency of responding units as compared with the responding units in immediate type hypersensitivity (antibody production) is discussed.
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The in vitro mixed leukocyte culture (MLC) reaction1 2 probably represents the antigen recognition step of the homograft rejection response. In one-way MLC tests,3 peripheral blood leukocytes (responding cells) of a potential recipient (A) interact with mitomycin C-treated lymphocytes (subscript m = stimulating cells) of a potential donor (B) in the mixed culture (ABm). The lymphocytes (cells) of the recipient enlarge, incorporate thymidine, and divide in response to allogeneic (nonself) cells present in culture. Cells seem to respond only to antigens controlled by the major histocompatibility locus in man (HL-A).4
If cells of only one individual are incubated for seven days, more than 98 per cent of the small lymphocytes in culture remain small and do not incorporate thymidine; if cells of two unrelated individuals are mixed in an MLC test, up to 30 per cent or more of the cells in culture are enlarged and capable of incorporating thymidine at seven days. The present study was undertaken to study two possible explanations for this high percentage of cells responding to a single allogeneic cell stimulus: (1) that a large percentage of the cells (A) originally in culture respond to that allogeneic cell stimulus (e.g., Bm), and it is these cells which are finally enlarged, or (2) that a relatively small number of cells (A) initially respond, but that these cells divide repeatedly to give the final responding cell population.
To investigate the above possibilities, we measured the generation time of lymphocytes in MLC reactions, studied the rate of increase in the number of cells incorporating thymidine per 24-hour period from day 5 to day 8 Autoradiography: Slides are dipped in Ilford nuclear research emulsion L4, exposed for 7 days, and then developed in D19 developer. Grain counts are performed with a 100 X objective.
Results.-To determine the generation time of lymphocytes in culture, allogeneic cells were allowed to interact for four, five, or six days and were then labeled for one hour with tritiated thymidine. To halt the incorporation of labeled thymidine, a 1000-fold excess of nonradioactive thymidine was added to the culture in 0.1 ml normal saline. Cells were then harvested at intervals for autoradiography and the percentage of labeled cells and mitoses was recorded. Figure 1 shows the results of one such experiment in which the cells were labeled on day 5 of culture and followed for 39 hours. The solid line represents the average number of grains per labeled mitosis. At three hours after labeling, all mitoses examined were unlabeled; this suggests a G-2 period (the time between the end of DNA synthesis and mitosis) of greater than three hours. At 6 hours many mitoses were labeled, and by 9 and 12 hours, all mitoses were labeled. These are cells which were in the S period (time of DNA synthesis) during the initial labeling. With the elapse of more time, cells which were in G-1, M, and G-2 during the hour when radioactive thymidine was effectively present, and thus did not incorporate radioactive label, pass through mitosis; for example, at 21 hours none of the mitoses were labeled. By 33 hours, a second peak of labeled mitoses was present, with 80 the number of responding cells is obtained by measuring the incorporation of radioactive thymidine for a 5-hour period of labeling at 24-hour intervals on succeeding days. This provides an estimate of the number of cells passing through S. The results shown in Table 1 represent the average relative increases in thymidine incorporation for each successive 24-hour period. Thus on day 6 there is, on the average, a 2.9-fold greater incorporation of radioactive thymidine than on day 5, from day 6 to day 7 a 2.4-fold increase, and from day 7 to day 8 a 1.3-fold increase. The figures in the second column in the table give the 95 per cent confidence interval for these experiments and those in the third column give the highest increase found in any of the experiments for each particular 24-hour period. Since some of these mixtures gave maximum incorporation of thymidine on the sixth day, mixtures which showed a decrease between the sixth and the seventh day, or the seventh and the eighth day, are not included in the calculations. The peaks on days 6 and 7 probably account for the lower numbers for the period between the seventh and eighth days. Including only the data Since it is possible that not enough thymidine could be incorporated with such low numbers of responding cells to allow the detection of responding units, another approach was also tried. Cultures were set up at concentrations of stimulating and responding cells, as given in the methods described above, and on days 1, 2, 3, and 4 were examined by autoradiography for the frequency of cells incorporating radioactive thymidine. While this may not be an estimate of the frequency of the initial responding unit (which itself may not even divide), it does give an estimate of the frequency of cells which divide early in the culture period. The percentage of labeled cells in control cultures (AAm) and in allogeneic mixtures (ABm) was ascertained by autoradiography in six experiments. In a 5-hour period of labeling, between 16 and 21 hours after the cultures are set up, control cultures and allogeneic mixtures both show between 0/1,000 and 3/1,000 cells labeled. There was no significant difference between the cultures. Labeling between 40 and 45 hours after the beginning of culture does show a difference in some experiments. The net number of labeled cells in the allogeneic mixtures increased from an average of approximately 5/1,000 labeled cells on the second day to approximately 20/1,000 labeled cells on the fourth day.
Discussion.
-These experiments present evidence that lymphocytes in mixed leukocyte cultures divide with a generation time of 18-21 hours. Marshall et al.,8 by direct observation, found that the average time of cell division in their VOL. 62, 1969 system was approximately 12-13 hours, with some cells in the cultures dividing with generation times of more than 20 hours. (Differences in technique could account for variation in the division time, rapidity with which the reaction is initiated, etc.) Our experiments would agree with their findings that there must be some asynchrony in the dividing cell population. The majority of cells in our system were probably dividing with the generation time presented above, and thus there is a period between the first and the second peak of labeled mitoses when there are no labeled mitoses present. The presence of 10-30 per cent unlabeled mitoses in the second peak, with 70 per cent unlabeled mitoses in the third peak, observed in one experiment, and the failure to find a time-point when all mitoses are unlabeled after the second peak of mitoses could be accounted for either by asynchrony of the type suggested above or by recruitment of new cells into the dividing cell population. With the above generation time, we could assume, given that every cell that divides once keeps dividing (consistent with the findings of Marshall et al. that one cell divides eight times), that in a 24-hour period there could be an increase between 2.3-and 2.7-fold in the number of cells dividing. Table 1 presents data which suggest that the actual increase in the dividing cell population is in the range mentioned above. It must be stressed that this only means that the increase could be accounted for by cell division, and does not mean that other factors such as recruitment, mentioned above, do not take place. Indeed, there are examples where the increase found in a 24-hour period (3rd column, Table 2 The study of the frequency of dividing cells early in culture may be a direct measure of the frequency of the responding unit if the initially responding cell is a dividing cell and subsequent dividing cells are progeny of that first cell. If however, the responding unit is a cell which does divide but which can recruit other cells to enter the response, the estimate of the number of cells "dividing" in culture is probably a high one with respect to the actual responding unit. The data presented can be interpreted in at least two ways. First, one can assume that under these conditions there is a lag period of several hours before the re- There are three possible explanations for the very high frequency of responding units in the homograft recognition response as compared with antigen recognition in immediate-type hypersensitivity. In the latter reaction the estimate is that there is only one responding unit per million cells.5 6 First, in the homograft system we are dealing with a single locus in MLC tests, each allele of which can determine many different antigenic specificities. It is impossible to estimate how many different "haptenic" specificities could be associated with a single allele; however, this number could certainly be greater than 10. The frequency of responding units must be interpreted as the frequency of units that can respond to any one or more of these specificities; the frequency of a responding unit that could respond to only one of the specificities would be lower by some factor. Second, the possibility that cells responding to the histocompatibility antigens are pluripotential must be considered. We shall elsewhere present evidence that the cells which respond to one set of allogeneic cells may be in part the same cells that respond to a second or even a third set of allogeneic cells. While this evidence can be interpreted in terms of sharing or cross-reactivity between the antigens present on different allogeneic-stimulating cells, which is known to be true, it can also be interpreted as a reflection of pluripotentiality of responding VOL. 62, 1969 
